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Impedance Characteristics

JPassive devices include resistors, capacitors, and inductors.

] When these are used in a circuit, the most fundamental consi-
deration 1s their impedance.

JThe impedance of resistor, capacitor and inductor, are respect
-tively expressed as belowr:

ZR:R Zc=.i ZLIjC()L
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Impedance Characteristics vs Frequency

JCommercially available resistors, capacitors and inductors,
may have non-ideal characteristics.

“*the impedance characteristic generally becomes motre complicated
as frequency increases, and

“*it becomes necessary to examine their characteristics in advance
during circuit design.
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Impedance Characteristics vs Frequency &% &

Engineering

JAt low frequencies,
“*The passive devices exhibit the ideal impedance characteristics;

“*however, a very complicated equivalent circuit is needed in practice
for their representation as the frequency increases,

“*adding to the difficulty and complexity of the circuit design.
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Impedance Characteristics vs Frequency & .

S Engineering

JIn such circumstances,

“*the equivalent circuit that propetly reflects these characteristics in the
frequency band of operation should be used in the circuit design.

dUnderstanding of

“*typical equivalent circuit of such commercially available passive devic
es, and

“*the technique to determine the equivalent circuit values with a given
data 1s basic.
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Impedance Characteristics vs Frequency & i

JTypical forms of data are available as datasheets and library in
design software.

JAWhen data are not available,
\/
**measurements or

“*EM simulations can be done to determine the equivalent circuits.
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Classification of Passive Devices

JdPassive devices
“rare largely classified based on the fabrication method, and are divided
into:
¢ lead components,
“* chip-type components, and

“* passive components formed by patterns.

dLead-type and Chip-type components are widely available
commercially



Lead-type Passive Devices
(a) (b)

=) ——

Type A Type X (a) resistor
<B) <3 (b) capacitor
Type M Type P (c) inductor

(©)
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- - (a) resistor
LS (b) capacitor
(C) (c) Inductor
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Assembly of Lead-type Component

dIead-type components are assembled by insertion

“*The lead terminals are first bent and inserted into through-holes
made in the printed circuit board.

**The lead terminals are then cut, and

“*the printed circuit board with lead type components is dipped into
melt solder.

“¢*Finally, the lead terminals are soldered to the round conductor
patterns formed around the through-holes.
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Lead-type Component

dlead terminals of lead-type components
“*do not only serve the purpose of connection.

“*They also give rise to parasitic inductance for example at high frequ-
encies, and

“*consequently this adds to the impedance of the passive device.

JdThese lead-type components were mostly used before chip-
type components became commercially popular.

dGenerally, they are bigger than chip-type components
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Assembly of Chip-type Components

JChip-type components are assembled by surface mounting

technique (SM'T).

JSolder creams are first printed to land-patterns formed on a
printed circuit board or substrate, and

dchip-type components are mounted on the land patterns man
ually or automatically.

JFinally soldering to the land-patterns is completed by

“*assing through reflow machine with appropriate temperature profile
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Chip-type Components

JChip-type components compared to lead-type components
“*have relatively less parasitic elements caused by the terminals,

“*which becomes profitable at high frequency.

JThe key reason for the popularity of these devices is
“* miniaturization
“* surface-mounting feature
“*rather than their advantage for use at high frequency.

“*SMT provides an advantage in large-scale fabrication.
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Pattern-formed Passive Components

dPattern-formed passive components:
“*can be produced on the substrate

“*usually by the process of Monolithic Microwave Integrated Circuit (
MMIC) or

**thin film.
dpassive devices by pattern formation

“* Are limited in the range of values attainable compared to chip-type
or lead type devices,

“*which is a disadvantage.
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Pattern-formed Passive Components

Dielectric
Top-metal Bottom-metal
Air-bridge
e O\
N A\ Metal Pad
T
x
\ Resistive Material
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(a) inductor (b) capacitor (c) resistor
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Pattern Formed Resistor Components

JResistors

“* A thin film of a resistive material (usually NiCr and TaN) forms the
pattern, on which

“*the conductor pattern (for the purpose of connection) is produced
by proper technique.

JThe resistor has a uniform thickness
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Pattern Formed Resistor Components

JThe resistance is thus
“*proportional to the length [ and
“*inversely proportional to the width (IP).

“*The proportionality constant is defined as the sheet resistivity R, and t
he resistance R 1s given by:

R = R, L ; R, has the dimension of ohms/square

W
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Pattern Formed Capacitor Components

JdCapacitor

** A uniform thickness dielectric sheet is formed on the bottom cond-
uctor pattern.

“* A top conductor pattern is again formed on the dielectric, and

“*a Metal-Insulator-Metal (MIM) capacitor is formed.

J At this point the dielectric material’s thickness,
“*generally determined by the process, and

**1s constant
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Pattern Formed Capacitor Components

Jonce the sheet capacitance C has been determined,

J the capacitance is then directly proportional to the surface area

(A) and is expressed as:

CZCSA
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Pattern Formed Inductor Components

JInductor

“*Its design is not as simple as that of capacitor or resistor.

“*Foundry service companies usually provide measurement results or
data on several configurations of inductors; and

***in the absence of those, the values of inductors are determined thro-
ugh Electro-Magnetic (EM) simulation.
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Pattern Formed Inductor Components

dWhen viewed from design point of view,

“*the construction of their equivalent circuit is the same as that of
chip-type or lead-type components.

ANOTE: The parasitic characteristics increase with frequency
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Example 1

dGiven that the sheet resistance R_is 50 ohm/square metet, ca-
Iculate the resistance of the component shown below.

dIn addition, the permittivity of a capacitor is 7.2 and its thickn
ess is 0.4 um; determine the sheet capacitance in pF/mm and
hence calculate the capacitance of a 50 pm? capacitor.

L = 60um

|« o
I~ i
&
W =30um
v
o
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Solution 1

R=Rs L=50><@:100£2
W 30

dFor the capacitor, the sheet capacitance per square mm is;

2
Cs = grgoé = 8.854 pF/m x 7.2 x 1m
t 0.4 m

— 8.854 pF/m X7'2Xlo—r2 ~159 pF

d'Thus, C.= 159 pF/mm? and for a capacitor having an area of 50um x 50um
is; C =Cs x0.052 =159x0.052 pF=0.398 pF
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Equivalent Circuit of Chip-type

Passive Devices

dIn cases where thin film or MMIC process is not used,

“*the most likely choice for high frequency application is chip-type
components and thus

“*they are widely used.

dchip-type device manufacturing and evaluation method will be
discussed.

d1n addition, the method of extracting the equivalent circuit
from given data will be explained
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Chip-type capacitor

JThe chip capacitor is usually constructed in a multi-layer
structure.

JThe two soldered terminals are connected in parallel to a
number of conducting plates, named as internal electrodes.

JThe sum of the capacitance formed between the conducting
plates appears at the terminals of the capacitor.

JThe dielectric constant of the insulator filling the space
between the conducting plates further increases the capacita-
nce between the terminals.
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Structure of a Chip Capacitor A
Termination
\\ Iinternal electrode layers Ceramic dielectrie
27
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Dimensioning ot Chip-type Component

JThey are identified based on two parameters;
“*length I. between the terminals and
s*the terminal width, V.

JBased on a standard unit of mm;
“*a capacitor having a length of 1.0 mm and a width of 0.5 mm,
“*is called type 1005; and following a similar definition,

“*type 1608 is a capacitor which has a length of 1.6 mm and a width
of 0.8 mm.
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Dimensioning of Chip-type Component F i

JdThis classification applies to capacitors, resistors and inductor
S5
dfor example,

“*a 1608 resistor similarly represents a chip resistor with a dimension
of 1.6 mm length and 0.8 mm width.

(ICNhSYS LAE o



External
Electrode

(ICnSYS LAE 30



=8 KNUST
&)  Telecomm.

Y =< j
czmm, Engineering

Equivalent Circuit of a Chip Capacitor

| —YY L _AAA o
7 ||
C L R
C: capacitance of the capacitor

L parasitic inductance (0.7 nH ~ 1 nH)

R: represents the loss of conductor plate

JdFrom the structural point of view,

“*as the size of the capacitor becomes smaller, generally the inductance
also becomes smaller, and

“*With further reduction, the inductance generally tends to be constant

regardless of the value of the capacitance.
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Impedance Characteristics
1th Frequenc
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Impedance Characteristics

with Frequenc = ca
dLooking at the 100 pF curve,

“*below a 100 MHz frequency, it can be seen that the impedance

decreases linearly with frequency.
“*This is so because at low frequency, it behaves as a capacitor; and
“*since at 70 MHz, it shows about an impedance of 20 ohms,

“*it can be seen to have a capacitance value of:

C= ! = ! - = 1000 PF=113 pF
2rfXe 27x70x10°x20 27x1.4
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Impedance Characteristics

with Frequenc =

JThe error in the calculated capacitance if any

s*will be due to the approximation in the reading of the impedance
value from the graph.

JAs the frequency increases,

“*the impedance after reaching a minimum rises again.
dWhile the impedance of the capacitor

“*is decreasing,

¢ that of the inductor is increasing with frequency,
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Impedance Characteristics

with Frequenc =

dthus, as the frequency becomes much higher,

“*the capacitor behaves as an inductor,
“*which explains why the impedance increases with frequency.
dConsidering the minimum point of the 100 pF cutrve,

*#*the resistor in the equivalent circuit is found to have a series resistance
value of approximately R = 0.2 ohm.
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Impedance Characteristics

J Although the value of the inductor

“*is inaccurate only with this data,

“*assuming that at a frequency of 1 GHz the impedance is mainly by
an inductot;

“*then since its impedance is approximately 6 ohm at this frequency;

**its value is found to be:

al 0 ~ % nH=1nH

L = =~ 5
27t 27 x1x10 27T
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Impedance Characteristics

JThis shows that, data at higher frequency will be needed in

order to determine this value more accurately.

JThus, in the case of the 100 pF capacitor,
“*when used at a frequency of over 1 GHz

“*it is closer to being an inductor rather than a capacitor.

J1f used as a DC block,

“*it must have an impedance of about 5 ohm

“* which is estimated as 1/10 of a standard impedance; considering
standard impedance 1s 50 ohm).
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Impedance Characteristics

with Frequenc =

1t is possible to use this capacitor

“*as a DC block or a bypass capacitor between the frequencies of 30
0 MHz to 900 MHz;

“*but due to the effect of the inductor, its use as DC block at a higher
frequency poses a difficulty.

(ICNhSYS LAE N



Chip —Type Inductors ;‘:,'gf:;:::ng

JTo obtain the inductance,

“*an enamel coated copper wire is wound on a core of ferrite material
between the terminals to be soldered.

“*More winding is possible as the diameter of such wire is made a lot
thinner,

“*which results in higher inductance.

It should however be noted that,
“*this will lead to increasing series resistance and

“*decreasing current capacity on the other hand.

(IChSYS LAB -
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Chip Inductors (Murata chip inductors)

Engineering

dThe inductance can be significantly increased by
“*increasing the number of windings;

**but this will also lead to a proportional increase of parasitic
capacitance.

JTherefore,

“*as the inductance becomes larger,

“*they are usually not be used at high frequency and when designing a
circuit,

“*there will be the need to use given data to verify the frequency range
———Oofopetation____________
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Chip Inductors (Murata chip inductors)

41
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Fquivalent circuit of an inductor

JThe figure below is a typical electrical equivalent circuit of an
inductot;
“*where L represents the inductance arising from the winding and
“* R represents the winding resistance.

“*The C in the equivalent circuit also represents the parasitic
capacitance appearing between the windings.

° YL AAN o
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JAt extremely low frequency,
“*the inductor usually behaves like a resistor, and

“*as the frequency becomes higher, the reactance due to the inductance
arising from the winding also becomes dominant and

**then it behaves as an inductor.
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Impedance Characteristic of a Chip-type

Inductor
JAs the frequency becomes much higher,

“* the impedance of the capacitor connected in parallel becomes small
er and then

“*the inductor behaves as a capacitor.

“*Thus the approximate frequency range for using an inductor is
usually:
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Impedance characteristics with frequency._. 2
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Impedance Characteristic of a

Chip-type Inductor =

d1In this figure, examining the 100 uH curve,

“*it is found that, the impedance increases linearly with frequency up
to 10 MHz.

**'Thus below 10 MHz its behavior as an inductor can be verified.

“*Since the impedance value at 1 MHz appears to be approximately
1k ohm, the inductance 1s found to be:

3
L= X DA L 159uH
2t  27x1x10° 2x
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Impedance Characteristic of a Chip-type

Inductor

JAs the frequency increases,

“*the impedance begins to fall after reaching a maximum point;
“*which is due to the influence of the capacitor in the equivalent circuit
“*thus, as the frequency becomes much higher, the inductor acts as a
capacitor.
JAssuming that at a frequency of 100 MHz it is mainly a capaci-

tor; then
1 1 10

C: = =
27 fXe 27x1x10°x100x10° 27

oF =1.59 pF
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Impedance Characteristic of a Chip-type

Inductor

JFurthermore, since the resistance is 100 kohm at the maximum

point in Fig. 2.11, then the value of the series resistor in the
equivalent circuit becomes: [Z, =0X; 0=X] /K|

Thus

(a)oL
R

)2
=100 K

and from this a value of

(L) (27x10x10°x100x10°)
= = 3 :47T2X1O;39OQ
100 K 100x10

1s obtained.
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[ jﬁlp—type resistor 1s manuftactured By

“*printing a resistive material (RuO,) on a ceramic substrate and after
the conductor pattern has been printed (Thick-film electrode),

“*terminals are plated to make it possible for soldering.
dIn order to prevent oxidation or damage to the resistive matet
1al;
“*a glassy material is coated on the resistive material in a postprocessi-
ng.
JA similar specification to that of capacitors (1005, 1608, and
2010) ; Lin the identificati - i .
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Chip—Type Resistor. .. gf,';f:g::ng

dDepending on the manufacturer,

**the value of the resistor is marked on its surface which makes the
identification of the value of the resistor much easier.

dFollowing a general notation,
“*the first two digits represent the effective value of the resistance and
% the remaining digits represent the exponent;

**thus a 3.4k resistor is denoted as:

342 =34 %x10° =3.4%x10° =3.4 kQ
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Diagram of a Chip-type Resistor L o

Glass Coating
(Protective Coating)

RuO2 type Resistor

Alumina Substrate(96%) Special Plating

Thick film Electrode
(Inner Electrode)

(a) structure (b) photo
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Frequency Characteristics and

Equivalent Circuit of a Chip Resistor ™

JThe frequency characteristics and equivalent circuit of a chip

resistor is generally not known.

JThis may be determined from impedance measurement

“* from which the equivalent circuit and impedance characteristics can
be known.

JHowever, similar to a capacitor,

“*the impedance characteristics of chip resistors generally becomes
more ideal as the size gets smaller.
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Equivalent Circuit of Capacitor

—
(K&s5>> ) Telecomm.

== . .
Engineering

by Simulation !
DExample

“*Open the Murata capacitor library in ADS and after measuring the
10 pF impedance by simulation; obtain its equivalent circuit

JSolution

**In the schematic, Vout becomes the impedance since AC current

s¢_mrt_MC_GRHT08C0G200_D_158960828

: 1
source 1s set tolA. PART_NUM=GRH708C0G 1000200 10pF

“Veut

.
A | AC

I_AC ¥

SRC P A
lac=polar{1,0) A —_ AC

Freg=fraq ?anzﬂ.é l'in_

top=
— -l— Step=5 MHz
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Equivalent Circuit of Capacitor

B
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by Simulation
JPlotting the real and imaginary parts of Vout separately,

Jthe value of the real partisreadas R =0.17 Q.

10 40
05 2 20
= # E
j -4
2 0 Z 0
— (4]
® m2 = m(1
- freq=2.200GHEz _ feba—d aani -
05 |Eall{l1".f0ut}-[} 1-?2 =20 ." L= I | = g
IR | imag(\fout)¥0.116
1.0 40
05 10 15 20 25 30 35 40 45 50 05 10 15 20 25 30 35 40 45 50

freq, GHz freq, GHz
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Equivalent Circuit of Capacitor
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by Simulation

dthe slope near the resonant frequency becomes

X zzﬁﬂ(wL_LJ
‘ ow wC

of

=4rL
. ow

fo

m4 m3
freq=1.465GHz freq=1.610GHz

imag(Vout)=-1.886 | |imag(Vout)=-0.007
o Eqn L=(m3-m4)/(indep(m3)-indep(m4))/(4*pi)
7 Eqn C=1/((2*pi*indep(m3))**2*L)
] *A1* x| _ *n1* *
- Eqn X=2*pi freq L-1/(2*p1*freq*C)
= 3
;@ o1 ma 'S freq C L
g 500.0 MHz | 6.763E-12 1.037E-9
= 53 505.0 MHz | 6.763E-12 1.037E-9
] 510.0 MHz | 6.763E-12 1.037E-9
o 515.0 MHz | 6.763E-12 1.037E-9
- s  5200MHz | 6.763E-12 1.037E-9
| freq, GHz | 525.0 MHz | 6.763E-12 1.037E-9
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Equivalent Circuit of Capacitor
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JComparison
40
] X
20 R\
*é _
<< imad(Vout)
o
o
£
-20
-40
05 10 15 20 25 30 35 40 45 50
freq, GHz
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